Abstract
Until a few years ago only one powdery mildew species, Erysiphe pisi DC., had been known to attack pea, Pisum sativum L. (BRAUN 1985 (BRAUN , 1987 TIWARI et al. 1997b; FALLON et al. 2001) . Great attention has been paid to breed peas resistance to powdery mildew (E. pisi) in Canada, USA, the Netherlands and the Czech Republic (HERINGA et al. 1969; TIWARI et al. 1997b; ONDŘEJ et al. 2003) . At the beginning of the 1990ies only a limited number of sources for resistance had been available, but most came with a range of undesirable traits (low yield potential, low TSW, susceptibility to lodging -e.g. cvs/lines Highlight, Tara, AC Tamor and Lu 390-R2). A relatively better assortment of resistant peas is available today that also carry other good traits, e.g. high yield potential, high TSW, lodging resistance, root rot resistance -these include the cvs/lines Tudor, Mozart, Carneval R, SGL 1977 and SGL 2024. Supported by the Ministry of Agriculture of the Czech Republic, Grant Nos. QD 1350, QE 0046, QF 3071, and Ministry of Education, Youth and Sports of the Czech Republic, Grant No. MSM 2678424601.
Response of Pisum sativum Germplasm Resistant to Erysiphe pisi to Inoculation with Erysiphe baeumleri, a New Pathogen of Pea
Unchecked, the disease reduces yield, size and quality of pea seeds, often very drastically (HE-RINGA et al. 1969; TIWARI et al. 1977a, b; SINGH et al. 1978; KRAFT & KAISER 1993; FALLON et al. 2001) . The use of resistant cultivars of peas can be considered as the most practical and economical way of keeping powdery mildew caused by E. pisi under control.
However, all resistant sources to E. pisi were attacked by natural infection of another powdery mildew species, Erysiphe baeumleri (Magnus) U. Braun et S. Takam The objective of this research was to find genetic resources of pea that are resistant to E. baeumleri powdery mildew, which should then be used to develop new genotypes with resistance to both fungal pathogens, E. pisi and E. baeumleri.
MATERIAL AND METHODS
Plant material. Sources of resistance of pea (P. sativum, with gene er-1) to powdery mildew (E. pisi) were included in comparative glasshouse and BRAUN (1985) as cited in Table 2 , and the taxonomy according to BRAUN and TAKAMATSU (2000) .
Maintenance of inoculum and inoculation method. Inocula of E. baeumleri and E. pisi were maintained and multiplied under field conditions (location Vikýřovice) on gradually sown pea plots 1 = no visible symptoms or infection degree of 1-5% on the plant surface, necrosis or yellowing on the petioles and leaves, no or very low conidia production; 2 = infection degree 6-20%, conidia production only on some petioles and leaves; 3 = infection degree 21-30%, abundant conidia production on petioles and leaves, production of cleistocarps low and very rare; 4 = infection degree 31-75%, very abundant conidia and cleistocarp production on petioles and leaves; 5 = infection degree 76-100%, very abundant conidia and cleistocarp production on petioles, leaves, stems and pods; plants die prematurely. Disease index (DI) was also calculated as the weighted average of the disease by the equation: DI = (1a + 2b + 3c+ 4d + 5e)/n where: a, b, c, d, e -number of plants in the diseased class (1-5) n -total number of plants assessed
The degree of infection in the field trials was evaluated close to maturity (July 2003) from the occurrence of E. baeumleri and E. pisi on the plots (disease incidence, mean value -%). Which of the two species had caused the infection was determined microscopically (Table 2) according to BRAUN (1985) . Glasshouse and field trials were evaluated by modified LSD interval method, with 95% and 98% significance level.
RESULTS

Determination and description of E. baeumleri
The occurrence of powdery mildew (disease intensity 1 to 2 of a 5-point scale) on pea genotypes (Lu 390-R2 and Highlight) resistant to powdery mildew (E. pisi) was observed for the first time in the Czech Republic in l998 and 1999 at the Plant Breeding Station Lužany near Přeštice (KREUZ-MAN -person. comm.). At AGRITEC Šumperk, a severe occurrence of powdery mildew (disease intensity 3 to 4) was repeatedly recorded on the stipules of resistant cv. Consort R in 2000 to 2002 in glasshouse resistance screening tests. Under field conditions, the first light occurrence of powdery mildew (disease intensity 1) on genotypes resistant to E. pisi and new breeding lines was found in 2000 (locations Rapotín, Vikýřovice and Temenice). In 2001, all resistant pea genotypes (including resistant lines B99/98-118 provided by Prof. N. Weeden) were heavily infected (disease intensity 2 to 3, sporadically also 4) in both field and glasshouse conditions. In 2004, the occurrence of powdery mildew on the resistant pea genotypes was very rare (disease intensity 1 on sporadic plants). Due to the fact that infection of particular plants was not homogenous and varied in disease intensity rate from 1 to 3, we originally suspected that the observed occurrences had been the result of non-rigorous selection of resistant plants under conditions of low infection pressure, or that the selection had been carried out with E. pisi isolates Table 3 . Recorded diagnostic traits of two collected samples of Erysiphe baeumleri (location Rapotín and Temenice) and one sample of E. pisi (location Smržice)
Diagnostic trait
Erysiphe baeumleri Erysiphe pisi location Smržice (see Fig.1 ) location Rapotín (see Fig. 2 (Tables 2 and 3 , Figures 1 and 2 ).
Resistance screening in glasshouse
To evaluate their reactions, 16 pea genotypes (with resistance gene er-1) and one susceptible control genotype were artificially inoculated with E. baeumleri powdery mildew (inoculum: conidia from Highlight + SGL1977, location Vikýřovice) and E. pisi (inoculum: conidia from Adept, location Vikýřovice) under glasshouse conditions (Table 4) Plants (with er-1) susceptible to E. baeumleri exhibited a progressive yellowing of petioles or leaves from the base upwards with abundant production of both conidia and cleistocarps. Disease symptoms in moderately resistant pea genotypes (with er-1) were expressed on petioles or leaves only, rarely on stems and pods. Only one pea cultivar, Tudor (Cebeco 4119), was completely resistant to E. baeumleri. None of the resistant genotypes (with gene er-1) was attacked by E. pisi under field conditions. On these genotypes E. baeumleri progressed relatively slowly, and was expressed only on petioles and leaves, but rarely on stems and pods. The results from field trials confirmed the low yield potential of the genotypes Highlight, AC Melfort, Consort R, Lu 390-R2 and Lu70 × Melton. Genotypes (with er-1) Fallon, Carneval R, Mozart, SGL 2024 and SGL 1977 reached the same dry seed yield as the standard commercial cultivar Gotik or even surpassed it. The powdery mildew species (E. pisi, E. baeumleri) on infected pea plants were distinguished from each other microscopically, based on the dimensions of conidia and cleistocarps (Tables 2 and 3) .
DISCUSSION
Genotypes of pea resistant (with gene er-1) to E. pisi powdery mildew were naturally infected by another species of powdery mildew (E. Lens, Lotus, Lupinus, Medicago, Melilotus, Phaseolus, Trifolium and Vicia) . The appendages of the cleistocarps are mostly simple or, infrequently, irregularly branched. The Erysiphe sect. Microsphaera on the Fabaceae (E. trifolii, E. baeumleri, and E. astragali) is a complex of closely allied species. The appendages in mature samples are relatively frequently (1-5×) dichotomously branched in E. baeumleri. Apical dichotomous branching (1-3×) of the appendages in E. trifolii and E. astragali develop rather late and are rare. Erysiphe trifolii with horizontally spread and coloured appendages is easily distinguished from E. baeumleri. In contrast, E. astragali is hard to separate from E. baeumleri, it is well characterised by strongly fasciculated appendages (BRAUN 1985 (BRAUN , 1987 .
The new E. baeumleri powdery mildew of peas so far caused relatively slow powdery mildewing in field conditions only on pea genotypes resistant to E. pisi (with gene er-1), but has not been found on susceptible genotypes (without gene er-1).
The new process of specialisation of E. baeumleri powdery mildew on peas is likely to begin with gradually increasing aggressiveness. In glasshouse and field conditions, cleistocarps were formed only on susceptible and very susceptible plants of genotypes Consort R, SGL 444/2185 , SGL 2024 , SGL 1977 . The genotype Tudor (Cebeco 4119) was determined in glasshouse inoculation test as a source of complete resistance to E. baeumleri. It was recommended to combine resistance to both E. baeumleri and E. pisi in future genotypes produced in breeding programs. By necessity, the work is being conducted in the glasshouse where disease pressure is severe and thus convenient for finding sources of resistance to E. baeumleri powdery mildew and for eliminating susceptible lines. Under field conditions, however, yield is considered to be the main selection criterion. More work needs to be done on determining the genes responsible for resistance to E. baeumleri powdery mildew in pea.
